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Association between adolescent idiopathic scoliosis
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Objective: To investigate whether single nucleotide polymorphisms (SNP) of the calmodulin1 (CALM1) and estrogen
receptor-a genes correlate with double curve in adolescent idiopathic scoliosis (AIS).

Methods: A total of 67 Chinese patients with AIS with double curve and 100 healthy controls were recruited. Curve
pattern and Cobb angle of each patient were recorded. The Cobb angle is at least 30°. There were 60 patients with Cobb
angle � 40°. According to the apical location of the major curve, there were 40 thoracic curve patients. Four polymorphic
loci, including rs12885713 (-16C > T) and rs5871 in the CALM1 gene and rs2234693 (Pvu II) and rs9340799 (Xba I) in
the estrogen receptor 1 (ER1) gene were analyzed by the ABI3730 genetic analyzer.

Results: The current study indicates that: (i) there are statistical differences between patients with double curve, with
Cobb angle � 40° and with thoracic curve and healthy controls in the polymorphic distribution of the rs2234693 site of
the ER1 gene, (P = 0.014, 0.0128, 0.0184 respectively); (ii) there is a difference between patients with double curve and
controls in the polymorphic distribution of the rs12885713 site in the CALM1 gene (P = 0.034); and (iii) there is a
difference between thoracic curve patients and controls in the polymorphic distribution of the rs5871 site in the CALM1
gene (P = 0.0102).

Conclusions: Different subtypes of AIS might be related to different SNP. A combination of CALM1 and ER1 gene
polymorphisms might be related to double curve in patients with AIS. Further study is necessary to confirm these
hypotheses.
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Introduction

Adolescent idiopathic scoliosis (AIS) is defined as a
structural lateral curvature of the spine for which no cause
can be established. Many hypotheses concerning the etio-
pathogenesis of AIS have been proposed, including genetic
predisposition, abnormal growth, hormonal disturbances
and developmental neuromuscular dysfunction1–5, but
more and more studies have provided strong evidence that
genetic factors play a role in this condition and that AIS
likely represents a complex genetic trait under the influ-
ence of multiple predisposition genes6–10.

There are two main types of approach in genetic epide-
miology: linkage and association analysis11. The former is
used to locate chromosomal regions that potentially
contain the gene of interest. The general principle of
linkage analysis is to search within families for chromo-
somal regions which segregate non-randomly with the
phenotype of interest. The latter is used to investigate the
role of polymorphisms of genes either by focusing on a
few candidate regions or by using a genome-wide search.
Classical association studies are population-based case-
control studies that compare the frequency of a given
marker allele A between unrelated affected cases and unaf-
fected controls.

Five recent studies using linkage analysis have reported
possible relationships between marker loci and AIS. Wise
et al. reported evidence for linkage on chromosomes 6p,
distal 10q and 18q in a single extended family with idio-
pathic scoliosis in an affected-only analysis12. Salehi et al.
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studied a single three-generation Italian family with
AIS and reported evidence of linkage to chromosome
17p11.213. Chan et al. reported linkage to a 5.2 cm region
on chromosome 19p13.3 in a group of seven Chinese
families and noted a second candidate region on chromo-
some 214. In an earlier analysis by Justice et al., evidence of
linkage with markers on chromosome Xq23–26 in a
subset of the families most likely to be X-linked dominant
was reported15. A genomic screen and statistical linkage
analysis of 202 families with at least two individuals with
idiopathic scoliosis was performed by Miller et al.16. They
reported that candidate regions on chromosomes 6, 9, 16,
and 17 might have the strongest evidence for linkage
across all subsets considered.

On the other hand, genetic association analysis has
recently been used to study the relationship between poly-
morphisms of estrogen receptor-1 (ER 1) gene and AIS.
Using a case-only sample of 304 Japanese AIS patients,
Inoue et al. reported an association between polymor-
phism at locus rs9340799 (Xba I) of the ER 1 gene and
curve severity in AIS17. In another report, Wu et al.also
suggested that Xba I site polymorphism may be a risk
factor for AIS18. However in a case-control study of 540
Chinese AIS girls with Cobb angle > 20°, the results of
Tang et al. were not in agreement with this19.

Previous studies have often stratified patients accord-
ing to Cobb angle > 20°, 30° or 40°12–19. However, in AIS
patients, the risk of progression is primarily related to
curve-specific factors and growth potential. Weinstein
have reported that AIS has a greater tendency to progress
in patients with double as opposed to single curve, and
that the larger the curve at detection, the greater the
risk of progression20. Therefore, based on these previous
reports, we thought that different SNP might be
related to occurrence or progression of single, double or
triple curve. The key to testing this hypothesis was to
choose several appropriate SNP and study a large
sample.

Calmodulin, a calcium-binding receptor protein, is a
critical mediator of eukaryotic cellular calcium function
and a regulator of many important enzymatic systems21.
Previous studies have shown that increased calmodulin
concentrations in platelets are associated with progression
of AIS,especially where there are double curve patterns22–24.
On the other hand, Bouhoute and Leclercq have reported
that calmodulin has an affinity for ER and is able to
decrease the estrogen-binding capacity of ER25–27. In addi-
tion, Mototani et al. have identified a functional SNP (T/C
polymorphism, dbSNP#: rs12885713) in the promoter
region of the CALM 1 gene which affects transcription
of the gene28. Otherwise, rs5871 (T/C polymorphism),
average heterozygosity 0.201 � 0.245, in the 3’-UTR of

CALM1, has been reported to likely be related to the sta-
bility and transcription of mRNA29,30.

Based on the above-mentioned research, the concentra-
tion of calmodulin might be a prognostic sign in regard to
curve progression, and ER 1 or CALM1 gene polymor-
phism might be candidate gene for AIS. The present study
further analyzes the association between AIS with double
curve and polymorphisms of the CALM1 gene and ER
1 genes.

Materials and methods

Subjects
A total of 67 patients with AIS with double curve were

recruited as cases and another group of 100 healthy
adolescents as controls. The double curve diagnosis was
according to Scoliosis Research Society (SRS) definition
for curvature (i.e. the spine deviates from the midline with
a Cobb angle of >10°, and the vertebra or disc furthest
from the midline horizontally on a standing anteroposte-
rior view is defined as the apex)31.

All patients underwent surgery at the Spinal Center of
our hospital from October 2005 to April 2007. The cases,
7 of whom were male and 60 female, with an average age
of 15.09 � 2.37 years (range, 10–20), were diagnosed by
clinical examination and roentgenograms, and confirmed
by magnetic resonance imaging (MRI) to exclude the pos-
sibility of central nervous system disorders of cerebrum
and spinal cord. The Cobb angle of the major curve of AIS
ranged from 30° to 90°. There were 60 patients with Cobb
angle � 40°. According to the apical location, there were
40 thoracic curves (apex between T2 and the T11–12
disc), 12 thoracolumbar curves (apex between T12 and
L1) and 15 lumbar curves (apex between L1–2 and L4–5
discs), respectively. The healthy controls, 25 of whom were
male and 75 female, with an average age of 15.55 � 2.21
years (range, 10–19), were recruited from a trauma ward.
All controls were examined by an orthopedic surgeon
with the forward bending test to rule out any scoliosis. In
any case of uncertainty, the clinician referred the subject
for a radiograph to ensure the absence of any scoliosis.
Both patients and controls were excluded from the study if
they had congenital deformities, neuromuscular or endo-
crine diseases, skeletal dysplasia, connective tissue abnor-
malities or mental retardation.

There was no significant difference in age (15.09 � 2.37
vs. 15.55 � 2.21 years) between patients with double
curve and the control group (t = -1.282, P = 0.202). The
gender distribution in two groups was compared using the
c2 test (c2 = 0.741, P = 0.390). Thus the subjects in the two
groups were age- and gender- matched.
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Informed consent was obtained from both parents and
subjects. The study was approved by the Clinical Research
Ethics Committee of the university.

Blood sampling
Blood samples were taken from each subject by veni-

puncture and DNA extracted with a QIAamp DNA Blood
Mini kit (QIAGEN, Valencia, CA, USA).

Molecular methods
Table 1 shows the oligonucleotide primers that were

used to determine the different SNP of the ER1 or CALM1
genes, respectively.

The rs12885713 (-16C > T) allele which has an effect
on transcription of the gene is located in the promoter
region of the CALM 1 gene. Polymerase chain reaction
(PCR) was performed in 35 cycles of 94°C for 30 s, 63°C
for 30 s and 72°C for 30 s, with a final extension for
10 min at 72°C.

The rs5871 allele which might be associated with sta-
bility and transcription of mRNA is located in the 3’-UTR
region of the CALM 1 gene. PCR was performed in 35
cycles of 94°C for 40 s, 61°C for 40 s and 72°C for 60 s,
with a final extension for 5 min at 72°C.

The rs2234693 (Pvu II) and rs9340799 (Xba I) are
located in intron 1, only 50 bp apart, 400-bp upstream of
exon 2 of the ER 1 gene. PCR was performed in 35 cycles
of 94°C for 40 s, 59°C for 30 s and 72°C for 60 s, with a
final extension for 5 min at 72°C.

DNA sequencing was performed on the products of
PCR with the ABI3730 genetic analyzer (AME Bioscience,
Norwalk, CT, USA) and sequencing results were read with
the GeneTool Lite program. To ensure the sequencing
results were accurate, we performed re-sequence of the
DNA in all samples from the opposite direction and con-
firmed the previous results.

Statistical analysis
The c2 test was used to determine the significance of

differences between patients and controls in the distribu-
tion of SNP, and to test whether the genotype frequencies

deviated from the Hardy-Weinberg equilibrium (HWE).
P < 0.05 was considered statistically significant.

Results

Genotypes of the CALM1 and ER1 genes
The genotypes in the present study are shown in

Figs. 1–4. All 12 genotypes were detected in the present
study. None of the gene polymorphic distributions
deviated significantly from the HWE in the case groups
(Table 2). Because the rs9340799 (Xba I) allele polymor-
phic distributions deviated significantly from the HWE in
the healthy controls, we didn’t investigate the function of
the site in our further analysis.

Association between SNP and double curve
Table 3 demonstrates the association between double

curve and polymorphic distribution of the CALM1 and
ER1 genes. Significant differences were shown between
cases and controls in polymorphic distribution of either
the rs12885713 (-16C > T) site in the CALM1 gene or the
rs2234693 (Pvu II) site in the ER1 gene (P 0.034, 0.014,
respectively). In addition, the frequency of the -16C allele
in the cases (71.6%) was less than in the controls (81.5%).

Association between SNP and Cobb angle
Among the 67 double curve patients, there were 60

patients with Cobb angle � 40°. Table 4 indicates the asso-
ciation between Cobb angle and polymorphic distribu-
tion of the CALM 1 or ER 1 gene. A significant difference
was shown between cases (Cobb angle � 40°) and con-
trols in the polymorphic distribution of the rs2234693
(Pvu II) site in the ER 1 gene (P 0.0128). In addition, the
frequency of the -16C allele in the cases (73.3%) was less
than in the controls (81.5%).

Association between SNP and apical location of
major curve

According to the apical location, there were 40 thoracic
curves (apex between T2 and the T11–12 disc). Table 5
illustrates the association between thoracic curve patients

Table 1 Oligonucleotide primers determining different SNP

SNP

The oligonucleotide primers

Forward Reverse

rs12885713(-16C > T) 5’-AAGATCAAGCTACACATCAG-3’ 5’-TCGGAGCACACGAAGTACAAG-3″
rs5871 5’-AGGGTTATGTGGCAATGACG-3’ 5’-TCGGAGCACACGAAGTACAAG-3″
rs2234693(Pvu II) + rs9340799(Xba I) 5’-AGGGTTATGTGGCAATGACG-3’ 5’-TCTGGGAGATGCAGCAGATC-3’
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Figure 1 rs12885713 (-16C > T) allele polymorphisms consisting of CC and TT homozygosis, C/T heterozygosis.

Figure 2 rs5871 allele polymorphisms consisting of CC and TT homozygosis, C/T heterozygosis.
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Figure 3 rs2234693 Pvu II allele polymorphisms consisting of CC and TT homozygosis, C/T heterozygosis.

Figure 4 rs9340799 Xba I allele polymorphisms consisting of AA and GG homozygosis, A/G heterozygosis.
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and polymorphic distribution of the CALM 1 or ER 1
gene. Significant differences were shown between thoracic
curve patients and controls in the distribution of the
rs5871 and rs2234693 allele polymorphisms (P = 0.0102,

0.0184, respectively). In addition, the frequency of the
-16C allele in the cases (75%) was less than in the controls
(81.5%).

Discussion

Estrogen receptors, calmodulin and their
interaction

Estrogen receptors
As a critical mediator of cellular proliferation and dif-

ferentiation in tissues such as endometrium, mammary
gland, bone, cardiovascular system, brain and urogenital
tract, estrogen exerts its function through receptor
binding. The ER gene has been shown to be expressed in
both human osteoblasts and osteoclasts, and mutations of
the ER1 gene were recently shown to reduce bone density
and delay skeletal growth in affected humans32–40.

Table 2 HWE analysis of the four SNP

Analysis factors

AIS Controls

c2 value P value c2 value P value

rs12885713 0.096 >0.05 0.077 >0.05
rs5871 0.134 >0.05 1.780 >0.05
rs2234693 1.319 >0.05 0.02 >0.05
rs9340799 0.819 >0.05 6.38 0.01

HWE, Hardy-Weinberg Equilibrium.

Table 3 Analysis of double curve and three different SPN

Allele

Double curve† Controls‡

c2 value P valueC T C T

rs12885713 96 (71.6%) 38 (28.4%) 163 (81.5%) 37 (18.5%) 4.478 0.034
rs5871 59 (44%) 75 (56%) 109 (54.5%) 91 (45.5%) 3.519 0.061
rs2234693 41 (30.6%) 93 (69.4%) 88 (44%) 112 (56%) 6.081 0.014

†67 double curve patients.
‡100 controls.

Table 4 Analysis of Cobb angle and three different SPN

Allele

AIS Controls

c2 value P valueC T C T

rs12885713 88 (73.3%) 32 (26.4%) 163 (81.5%) 37 (18.5%) 2.9575 0.0855
rs5871 54 (45%) 66 (55%) 109 (54.5%) 91 (45.5%) 2.7085 0.0998
rs2234693 36 (30%) 84 (70%) 88 (44%) 112 (56%) 6.1935 0.0128

Cobb angle � 40°, 60 patients.

Table 5 Analysis of thoracic curve† and three different SPN

Allele

AIS Controls

c2 value P valueC T C T

rs12885713 60 (75%) 20 (25%) 163 (81.5%) 37 (18.5%) 1.4891 0.2224
rs5871 30 (37.5%) 50 (62.5%) 109 (54.5%) 91 (45.5%) 6.6061 0.0102
rs2234693 23 (28.75%) 57 (71.25%) 88 (44%) 112 (56%) 5.5540 0.0184

†Apex between T2 and the T11–12 disc, 40 patients.
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On the assumption that the estrogen reaction to skeletal
and sexual growth is genetically determined by ER gene
polymorphism, Inoue et al. thought that ER1 gene poly-
morphism might be related to curve progression in idio-
pathic scoliosis17. However, when different samples and
analysis methods were used, such as case-only sample
study to case-control study, with special attention being
paid to the Hardy-Weinberg equilibrium in the latter
studies, this hypothesis was not confirmed by other
studies17–19.

Calmodulin
As a calcium-binding receptor protein, calmodulin is a

critical mediator of eukaryotic cellular calcium function
and a regulator of many important enzymatic systems21. It
has often been thought that calmodulin can affect the
contractile systems of both skeletal muscle and platelets
because actin and myosin resemble each other21,41. Calm-
odulin regulates the contractile properties of muscles and
platelets through its interaction with actin and myosin
and regulates cellular calcium through transport across
the cell membrane.

Previous studies have shown that increased calmodulin
concentrations in platelets might be associated with pro-
gression of AIS. Cohen et al. reported a 2.5–3 fold increase
in the concentration of calmodulin in platelets of patients
who had AIS22. They also found that the concentration of
calmodulin was associated with the severity of the spinal
curve. Kindsfater et al. compared 17 patients who had AIS
with varying degrees of curve with 10 age- and gender-
matched controls23. Their results showed that platelet
calmodulin concentrations in skeletally immature
patients with progressive curves (>10° progression per
year) were considerably greater than the concentrations in
patients with stable curves (3.8 vs. 0.7 nm/mm of protein).
These data were based on a single calmodulin determi-
nation for each patient during the growth period.
Conversely, calmodulin concentrations in the stable
(non-progressive) and control groups were very similar.
In 2002, Lowe et al. reported the results in 55 patients with
AIS who were followed up for 1–3 years during their
growth period24. They found that calmodulin concentra-
tions increased in all patients with progressive curves (13/
13), remained stable in 73% of the patients with non-
progressive curves (11/15), and were higher generally in
curves >30° and double curves. Calmodulin concentra-
tions usually decreased in patients undergoing brace treat-
ment (14/17) or spinal fusion (9/10).

The interaction of calmodulin and estrogen receptors
Bouhoute and Leclercq have reported that calmodulin

has an affinity for estrogen receptors and can decrease the

estrogen-binding capacity of ER25–27. The dissociation
constant of the estrogen-binding receptor increased 2–3
fold when calmodulin was bound to ER. So, there is a
possibility that the effect of calmodulin on curve progres-
sion is based on the loss of estrogen-binding capacity of
ER and that estrogen metabolism is a candidate for curve
progression17.

On the basis of all the above-mentioned studies, it is
logical to clarify the association of CALM 1 and ER 1 gene
polymorphisms with AIS with double curve.

Appropriate SNP in the CALM 1 gene
Previous studies have reported that there are two poly-

morphic loci located in the important regulation areas of
the CALM 1 gene, rs12885713 (-16C > T) and rs5871,
suggesting that mutations in these sequences might affect
the expression of calmodulin21–24,28–30.

To investigate possible allelic differences in promoter
activity generated by rs12885713 allele polymorphisms in
vitro, Mototani et al. generated fusion constructs contain-
ing the –16C or –16T allele and transfected them in par-
allel into OUMS-27 cells or Huh-7 cells28. In OUMS-27
cells, the construct containing the -16C allele showed a
> 2-fold greater luciferase activity than that containing the
-16T allele. Similar results were observed in Huh-7 cells.
In addition, in order to investigate the effects of -16C > T
on CALM1 transcription in vivo, they measured the
amount of CALM1 transcripts under the control of each
allele using RNA difference plot analysis30. The results sug-
gested that the suppressor(s) of CALM1 transcription
bind more tightly to the -16T allele. They concluded that
the -16C allele increases CALM1 transcription both
in vitro and in vivo.

The rs5871 site of the CALM 1 gene, heterozygosis
20.1%, is located in the region of 3’-UTR. Previous reports
have demonstrated that the 3’-UTR region of mRNA is an
important regulatory site controlling mRNA degradation
machinery. 3’-UTR RNA-binding proteins which recog-
nize specific elements of the mRNA sequence and second-
ary structure dictate the fate of mRNA transcripts. SNP in
the 3’-UTR could disrupt RNA-protein interactions,
resulting in alteration of mRNA stability31,42–45.

Association between these four SNP and double
curves

Association between ER 1 gene polymorphism and
double curves

The present study found significant differences between
double curve patients and controls in the polymorphic
distribution of rs2234693 (Pvu II) in the ER1 gene. In
addition, considering current opinions concerning the
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apical location and severity of curvature, we stratified the
cases according to apical location and Cobb angle � 40°,
respectively. The results again demonstrated an associa-
tion between rs2234693 (Pvu II) allele polymorphism and
double curves.

The different results of previous reports might be
explained by the next two points. Firstly, the previous
studies often took AIS as subjects and stratified the cases
according to the severity of the curve while other curve-
specific factors, namely whether there were single, double
or triple curves, were neglected. Unfortunately, in addi-
tion to the severity of the curve, double curve is another
risk factor for curve progression. Secondly, as AIS is a
multi-factor disease, growth potential might have an effect
on the final severity of the curve20. So, it seemed not
enough to stratify the cases merely according to the sever-
ity of the curve in genetic studies.

Association between CALM 1 gene polymorphism
and double curves

In the present study, a statistically significant difference
has been shown between double curve patients and con-
trols in polymorphic distribution of the rs12885713 allele.
In addition, there is a statistical difference between tho-
racic curve patients and controls in polymorphic distri-
bution of the rs5871 allele. However, these results were not
replicated in further analysis with different grouping
criteria.

In the present study the frequency of the -16C allele
(rs12885713) in the cases was less than in the controls.
Lowe and Mototani have reported that calmodulin con-
centrations are generally greater in cases with Cobb angle
> 30° and double curve, and that the -16C allele could
increase CALM1 transcription24,28. The present results
seem contrary to these findings.

Considering previous reports that show calmodulin to
have a high affinity for ER and ability to decrease the
estrogen-binding capacity of ER, we think that rs2234693
allele polymorphisms in ER1 gene might affect the occur-
rence of double curve. It is necessary to clarify the asso-
ciation between AIS and polymorphisms of the ER1 gene
and CALM1 genes by further studies.
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